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blood picture. 'lbe function of the nervous and cardiovascula~

.,.t•• might be influenced at about one or two hundred uV'om •
CoUldenuc that the lover power dendt7 group «200 uW! all ) in our
1uwe.tigation mentioned above had more alteration in blood pressure
ID4 ICG, ve aelecte4 2-,s peraoJ182who had been cpoaed to microwave
poYer density less that 50 uW/cm and their age- and aex-aatohed
iD4iYiduala 88 control. !here vere atill 811J1ificant differences in
the incidence of neurasthenia 8,aptCIUI. However, there vas no
difterence in ob~ective indexes betveen the two I1'OUp8 in
StaU8tiCS. Altbouah BCIIle reports stated thai the .lcrowave
IlpoBUre croup at a fev hundredths of a mVI ClIl bad aiJllilar
tunctional chang.. in the nervous and cardicrtaecular BJ'8t.a, 110
IteIIlI that there 1a no correlation between the aposuN intensity
ud the chaDgee. Gordon and other authors indicated that in loy
level Rposure groups sailar effects were obaerved, but 8JIIlptOlllB
vere lea. evident and eaail7 reversed. !hi. apreasion 18
Itreugthened b7 the faet that arter reducinc the exposure levels, no
.further caees vith pronounced d78fuDct1o~ 8yndrcae vere noted.

In order to search tor the threshold level ot microwave
lIio,ttects on aniJaale, acute and chronic experillenta yere conducted.

Acute etfects of lIlicrowave radiation on blood presaure,
ruplra1:1on, rectal temperatuN, aubcutaneoua t_perature and lOG
"re ob.erved [15). In this _perillent uilll rabbit., the .01.
bocl7 Yu radiated on ita abdcainal aide nth 2450 JIBs continual
.10roYave tor 1 hr. ~ere were five srouP82v1th 68 rabbita in all
41l'Uec! into eo .vlCfAC, 40 .wlcm2~ 20 mVIClIl , 10 aVIc.2 and control.
!he aicro1l8.ve radiation 1nduced a drop in blood pre.sure ,
acceleration of respiration, and elevation of subcutaneous and
rectal temperature (~able 9).

Table 9 Variation on acute experiment

t.
4

lweBtigated items 80 2 40 2 20 2 10 Control
mY/em mV/cm mW/cll .W/om2

J1004 pressure drop 25 18 22
aean (_ Hs) :i.

leaplratory rate 109 55
increase mean
(per min.)

Subcutaneous tem 5 '.1 1.6
pure rise mean CC>C)

!ectal tea. 2 1., 0.'
2Ure rise mean (oC)

- no significant changes
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The experimental data are preliminary and limited. A larse
nUlllber of experiments have been carried out in other countries.

The chronic experiment vas conducted vi th 16 rabbi ts and 40
rata. The rabbits vere divided into four groupe at random froll
vhich

2
three groups were irradiated with three levels (10, 1, and 0.1

IIY/em ) aM one eernd as control. The rats vere diVided into four
groupe, from lIh2cb three gr~upe yere 1rradi~ted vitb the other three
levele (5 aY/em • 0.2 raY/em and 0.01 mY/ca ) and one vas control.
The exposed groups were irradiated six bours da11,. for tour .,d a
half' months. A certain pover deuity of microwave (300 mY/em)
induced EEG trequenc,. eloving ad aplitude increasing. 'the lIlost
proDOUIlced chances of mG Vere brad7oardia. tach7cardia and R wave
widenina. Leukoorte and 1eukocrtio alkali pbosphataee increased in
the tiret halt a lIonth and then there were no chang88. Blood
presun fiuctuated. Mistakes at Y-labJ1'inth test appeared to tend
to increase. The relationehip between thes. variationa and power
densities is ehown in Table 10.

BG
aapl1tude ++ / I I
trequellC" ++ / ++ I I

!DO
heart rat. / ++ / I
R widen / ++ I ++ I

Leukocyte / ++ / I

LAP / + / I

Blood pressure ++ I / I
vaved

Rectal tem.

Bod1 weight / + / I
++ represents the variance with significant difference
+ represents the variance onl,. with a tendenc,. change
/ represents no animal exposed at this pover densi ty level

shows no sisnificant changes
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10 5 2 1 2 0.2 2 0.1 2 0.01 2 control
mWI=2 aW/em aWlem mW/oa mV/= mVIem

Relation between the variance of observed indexes and
power densitiee

It8llls

Table 10
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The threshold of biological effects, which differs frOlll health
lIlArds, 18 extremely loy. The average heart rate decreased during
the p11sed aicrowave energy af2ected on trog hearts under certain
coDlliti0118 at onl,. 0.00' mW!em average power densi tT presented
(Prel). '!'he threshold of audltor,. responses tor cats, the threshold
of .voidance b,. rats of pulse modulated microwave, and the threshold
of' incidence efflux of calcium iona troa the isolated chick or rat
cerebral tissue (with frequ~1lC1 "vindov" modulated in. aaplitude) are
tar below or near 0.1 mY/OIl. The threshold ot basardoua ettects in
acute experiment 1s rather high and usually depends, to a great
extent. on overheating.

1'he 1II0st important experiments, on vhich to bue a set of safety
etan4azds, are long-tem 1011' level exposures. Duaenak1j (16]
reported an21nvestigation perfomed at 10, 2.4, 1.9, 0.062 0.01, and
0.006 uW/em for Yaveleuath 6 m and 20, 10, 5 and 1 uW/em for 12 em
vaveleugth. '!'he animals (rats and rabbits) yen irradiated 8-12 hr.
nill for 120 dB,.. _ !he experiment showed that in the condit:loned
reflex activity, the latent period 1IU longer, renex reactions to
JIO.1t1n stimuli weakened, and tbe nUllber ot the.. Ilissina
increased. In this investigation the•• chang•• 1D the central
nervous .:reta vere supplaenteet an4 confined by IIG, and
biochemical studies including choline.tera.e act1vit1' and sUlph7dryl
(SII) Cl'Oups in the blood. Changes in bloo4 COIIlPOSUi011 and
aorphologic structure of the tiasue. and organs of the enaalB vere
I1so observed. The author pointed out that proloDged action ot
electroaapetic energy of low intensitieB in the 'UJtr and SHF ranges
naulted in appreciable ch8lllea. '!'he biolOSically active
intensities of electromagnetic fields were 10-0.06 and 20-5 uV/cm2

tor lJ1D' and SD range. respectively_ Sucb loy threaholda of
hasardous effects of U or • radiation have not 'been supported by
other reports. In sClie studies ob.ened on the aaae qat..s and
functions t necative reaulta vere obtained with even IlUch higher
POYer aensities. Rowever, a number of chronic uperillents on
bioerreets of RP and IN shovine lover thresholds have been ude 'b7
other Soviet authol'S.
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In the United states, D' Andrea [17] reported a chronic
experhlent of exposure to 2450 Us lIicrovave. Long-Evans as1e rata
vere exposed 8 hr. a day for 16 weeki to Ilicrowaves at an average
POwer density of 5 mW!cm2• The dose rate W88 1.2' mW/g. Atter
exposure, it revealed a significant depression of behaVioral
8ethity. There were no effects on body lIIalS, maBs of adrenalB, and
levels of l7-ketosteroids in urine. Another lone term experiment
l'ecently vas presented by Guy and McRee (18,19]. Four rabbits
Yere exposed to 2450 14Hz microwave for 6 months. Daily duration ot
exposure Ya8 2'3 hr. and continued across 180 conseoutive ~a78' !he
power density at the body axis of the animala wae 7 mV!em and at
the head location was 10 m.Y/ cm2• The average whole body sm was 1.5
V/Kg. Eosinophil percentage t album.ln and calcium levels lIere
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i'he f'o1'lllula vas derived from the following data (Table 11).

2. lladiation frequency.

~caU8e of the 4ifterent reflection, propagation and absorption
for 4ifferent frequencies of electrCllllapet1c tielcl, the specifie
abaorption rate .aat be difterent in a biological target from the
a.e incUent poyer aenait1. Additiona117, seae special effect8 -y
occur at a certain frequency range. It is nece8saZ07 to set .eparate
stanclards for sClllle f'requenc1 ranges.

Eraolajev mel Subbota [20] suggested a formula to express the
relation between the frequencie8 and electric field strengths, in
¥.bieh the equivalent bioeffects could be observed.
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El electric field strength in VIm for f'l (MHz)
E

2
electric field streDgth in VIm for f'2 (101Hz)

8ipiticantl7 lower in exposed than in control rabbits. Thirt1 da1l
after tel'llination of exposure, no ehaD8e in h8lllatologieal parametera
was observed, but a significant decrease in albumin/total globulin
ratio vas .easured in the exposed animals. Lfmphoc,tes from
exposure ani.als Bhoved a significant suppression in respoDsiveness
to pokeveed mitOlen. ~t microwave radiation may suppress
aaunological coapetence vas reported bl other studies. It seems
that tbe power deaait1 of several mV/em may be critical to the
effects observed on the immune 8,1stem.

It ve reviev the animal and human data on biological effects of
1IV and U radiation, we find that there are considerable ditferencea
aD4 controverBJ' in this field. That the safety atandard must be
able to protect the health of the workers 1I1thout obstructing the
.ierowave teohnique. in extenaive application. In accordance with
our inveatilation end experiments, and reterring to the ~perience

of other countri.. , the power densit1 at averase 50 utIell in the
worting place for a duration of aiz hours daily haa been proposed u
the tentative 8icroya.,e occupaticmal exp08ure standard in our
oOUllt!'7.2 If it ia e1fht hours expoaure a d&7, it auet be less than
40 uV/ca. 300 ul/ca is the 118Ued do.e for a ~hole lIQrk!ng da7·
]lovever, it is not pemissible to be over 5 aVIs. This tentative
exposure 8tandard haa been adopted in local areas in our country for
two years. It will be further perfected _d decieleel b7 the anel of
thi. year.
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Death aice ooסס1 '000 1000
rat '000 2000

)1od'fect. Species' MHz 14 111Hz 22 MRs 6g.7 DB 150 lilts '00 &11
tliCUoual rabbit 500 250 200 150 100-150 60
alteration (615) (285) (220) (125) (gO) (60)
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Relation betveen frequencies and electric field strengths
(VIa)

table 11
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I (Table 11).

~e lover lialt of frequency regulated in the ezposure studerd
11 10.. In &aae countries. 'lbe frequency range of electrc.aapeUc
field now widelr used in iD4uetry ot our count17 1. tl'Oll 0.25 lOIs to
40 !HI and microwave. It .... that the trequencr love.t 11ait of
exposure standard ehould be at least at 0.2 K1Iz in U range. Some
easea of yorkers vho suffered from typical neurasthenia re.\11tine
frClll BJ' radiation vere tound b1 the present author. A yorker ...
exposed to 250 KHZ Ilear lone field at the electrc.aagnetlc field
streng tb of' about 400 V/. and ~O Ala over 5 years. Systolic blood
pre.sure of this patient wu hiehly unstead1with a 60 _ He
fluctuation or 80 vithin a day. Bradrcard1a (BCG), slight
leukopenia, emission aDd sterl1it,y occurred. Decreaa. in activity
ot sperms was found b1 laboratorr examination. Slight abnol"llal1ty
in DG appeared vith more e waves. After transient vith4rawal trom
Work with m' 80urces t the neurasthenia IJIIlptOlls vere ob••nablr
relieved. After cessation of' exposure to 11' radiation over one
lear. the neurasthenia ..,aptoma disappeared and di8function of' the
cardiovascular system tended to recover. Similar, leaa extensive
B)'Dlptoms a180 occurred in a few other per80llS vorking at the same
radiation condition. Another case i. a wo-an who lived near a radio
broadcast antenna with working frequency at BOO KHz.
Keratoconjunctivitis resulting f'rom lack of tear occurred vhile the
patient was living there, and alleviated after she lett there tor
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several .elal. This phenomenon happened .everal ti.es. The
electric field streDlth in her bedroom vas about 20 V/.. Perhaps
the patient was extre.ely sensitive to such an RF electromagnetic
field. Perhaps diafunction ot the endocrine aystea resulting from
Rl radiation waa the main cauae in reducing secretion of teara.
Epide.iological data on Rl radiation in China and some other
countries alao demonstrated that sufficiently intense RP radiation
lncludiDe the frequencies fro. 0.1 DII to 10 MHz also can produce
ha1"llltul effects. several decades V/m will be adopted as the maximum
p81"11liaB1ble electric field streIlgth for RJ' range in China.
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Several facto1'8 other than intensity, dose, and frequency range
a.,. alao lDf'1.uence the hal'lltul effecta of U and XV radiation.
PUlsed aDd continual aicrowave ..y be difterent for their
bioeftecta. In C.echo.lovalda, the expoaure standards tor the. are
difterent. In the new exposure standard of Canada, the lIl8XimlJll
p8~ls.1bl. level w.. differentiated between whole-body exposure and
ezposure of extreaitie.. A distinction betYeen continuous
(etatiollU7 field) aDd lnte1'lltttent (nonatationa17 tield) exposure
.... aida in Poland and then accepted by the Soviet Union in their
aloro",ve aafetJ exposure standards. lJ.'he ambient tt1llperature and
the presence of X-ray radiation are &1so considered in the USSR
occupational exposure standard. All thoee factors ahould be
investigated and studie~ turther.

J'inalll it should be pointed out that the _afet,. exposure
standard Yill continue to be perfected with increasiDe knoYledge.
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